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Osigjial. A Cltcull yioaa (I22) is cpaettl upuxi from ^ oonhetKr^ oMmbar (103) br few ihan onc-qnaiiCT wavelength of die eiec- 
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APERTLIRE ANTENNA HAVING A HIGH-IMPEDANCE BACKING 

FIELD OF INVENTION 

T)ii6 invention rolatae to an aperture sntQrna b^^ed by e high- 
impedance backing or a magnetio-fleld euppressivd ground plane. 

S BACKGROUND 

Antfinn/i,^ Rn> used in a prodigiDus assortment of wlrefess 

rmtmunir^Hnn ppplirTitinns. For example, portable wreless coirvnunlcatlQns 

may use ? straight conductor or an inductively loaded conductor as 

an anfnnnA thci* A>tend,s fmm a housing of the communrcatians devicG. The 

10 rxifiriuctor rrray form a whip antenna whidi is subject to brealcage from 

abusive treatm^t, or even ordinary wear and tear of wlr^ess users. If the 
whip antenna is broken, bertt or otheiv>lse damaged, communications can be 
dismpied or become lese reliable than would otherwise be possible. Further, 
the size of the protruding whip antenna may incrsasB the overall stza of the 

1 5 mobile wireless communications device. 

To prevent damage to wh^ antennas and other external antennas that 
protrude the housing or the wireless communications device^ some 
manufactunsrs have iniroduced internal antennas that are housed wRhln a 
housing of a mobile communlcatfone device. For example, an antenna may 
• 20 be f^rfcated as a cavity-backed aperture antenna within the housing of a 

wlralese communlcatfons device. However, tho nominal depth of the cavity^ 
backed aperture antenna is approximately one-quarter wavelength of the 
frequency of operation. If the depth of the cavity-backed aperture antenna 
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could be reduced frDm the nominal value cif appiDzimately one^uarter 
waveiengfh. the size of tiie mobile communiaations dRvice zudtd be reduced 
accnrrlingly. or stdHitional p^RnTmno and funntinnality Ciiuid he intrnduned in 
the samR siTR of an Rl**rtmnir, rievicp. Thus, a n«e(l Bxsts for an integral 
5 spRrturR antRHHR t^iat has a thickness of or dppth of less than nne-quartpr 

wavalangth at the daslred Itequancy of oparstlon. 

Anottidr pnablem with the cavtty-backsd aperture dntanna or other 
irttegratad antennas is that the surrounding electronics in thB mobile 
communications dsvica, or even the h^nd of a user of the commurrlcations 

1 0 devloep can detune the antenna and degrade the radiation efflclency of the 

antenna. The surrounding eiectiontefi or body of the user may distort the 
antenna pattern firom theoreti^^aiiy predicted results so as to produce 
unreliable communications lhait differ from what would be expected under 
Ideal circumstances. Thus, a need e)dsts for ari antenna that reduces the 

15 effect of surrounding electrical connponents end the tsodles of users upon the 

performance of an antenna Integrated Into a mobile communications device. 

Although aperture antennas may be used tbr mobile communications 
devices, aperture antennas may be empioyod In a variety of envinsnments 
such as antennas tor vehicles, base station antennas, tower-mounted 

20 antennas for wireless infrastnicture, or the like, if a whip antenna or half 

dipole antenna is mounted on an exterior of a vehicle it may impair the 
aerodynamic perfbmiance of the vehicle by increaeing aerodynamic drag and 
reducing fusi mfleag^. Further, a protruding antenna on a vehicle Is sut^jeci to 
damage or breakage from wind gusts, vancfalem, and car washes. Thus, a 
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need e3dst& for embedded, flush-mounted or other compact antennas for 
integration Into a vehicle* 

If aperture antennas or cavrfy-bficked aperturE nntRnnas ^f?. tj.sf^ inr 
wlreteTss infrastructure applinfrtkms, ths antennHU's mfiy bf5 largRr tlvin deslrerf 
5 fbr reduntinn of wind-ln^dinQ, p.asR nf inRtRlliitinn Rnd RnhannRment of 

aesf hRtin appo;?rannR. Space limitations on cramped towers or oJher 
stnjcturas tend to Increase the deslrabimy for smallest pKrfila antennas with 
comparable pertbrmance to larger antennasu Thus, a general need exists to 
provide a compact antenna that provides adequate radlaflon performance 
1 0 while achieving aesthetic or space-saving goals. 

SUMMARY 

In accprdanco with one aepoct of tho invonfton, an aperture antenna 
compri3e9 a conductive member having an apGrture for radiating an 
electromagnetic aignai. A high-impedance baddng ra spaced apart from the 

16 conductive member by ieea than one-quarter wavelength of the 

eleetromagnetic elgnal. The oonductiva mennber hae a firet surface area. The 
hlgh-lmpedanoB beckirig hae a aacor^ surface area that is oommenaurate In 
9ize to the firet eurfaoe erea. The highnmpedance bacldng may comprise a 
pattem of conductive oelle wKh irrtervening dielectric reglone arranged to 

20 suppress at least one propagation mode in an open or closed cevlty formed 

between the conductive member and the high-lmpedanoe becking over a 
frequenay. 

In eccordance with another aspeol of the invention, the eperture 
antenna may be rngdUy febricated as a orrxxiit board assembly. Accordingly, 
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the Donducctve m^hRr rnRy mprBseitt at least one metallic layer of a printed 
circuit board assembly. The Mgh-lmpBdance backing comprises a dielectric 
layer sandwiched betuve^ a pattern of nonrluctive hbILs and a oanductive 
layer. Further, the hlgh-lmpadance backing inriiidps at lR?ist some cannedive 
conductors (e.g., vias or plated through-holes) that e^lectrr^^lly oonned one or 
moro of the conductfve calls to tha oonductlve layer 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of one embodiment of an antenna In 

accordenoe with the invention. 

FIG. 2 13 a crDss-aectbnal aide view of the antenna ae viewed along 
rcferonce line 2-2 of FIG. 1. 

FIG. 3 is a perspective view of another embodiment of the antenna that 
feeturee a solid dielectric layer. 

FIG. 4 ia a cn>dd-sectional view of the antenna as viewed along 
referftnce line 4-4 of FIG, 3. 

FIG. 5 is a perspective view of yet another embodiment of the antanna 
in which an opening hae a diagonal orientation of ite longitudinal axis wtth 
rasped to a principal em of a lotfice of (he oelle of a high-Imped area beddng. 

FIG. 6 Ls a perepective view of another embodiment of the amenna that 
indudes a sdM dvAlndrio layer. 

FIO. 7- FIG. 1? show various aperture shapes or geometric 
configurations offhR conductive member for inoreesing bandwidth of the 
antenna In scoortlannft with the invention. 
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FIG. 13- FIG. 1 R show various h^nrtwirlth-innnviFnng npunings 
Incorporated Into inustrative antennas In accordance wtth the Ihvendon. 

FIG. 19 IS a pdrfipQctivd view of another embodiment of an antenna 
which futures metallic fikle walls td fdnn a generafly dosed cavity. 
5 FIG. 20 Is a cmss-sQctlonal view Of the antenna ae viewed from 

reference Una 20-20 of FIG. 1 9, 

FIG. 21 Is a cRss^ectlonal view of another embodiment of an antenna 
In which rrartallic cldd walls are formed t)y a imear series of plated thraugh- 
holes. 

10 FIG. 22 fs a piot Of, an electric field propagated at»ut a cross-sectional 

view of an aperture antenna in accordance with a pdor art oontlguretlon. 

FIG. 23 is a plot of an electric field pinopagated atiout a cross-sectfonal 
view of an aperture antenna in accordance with the Invention. 

FIG. 24 shows dispersion cutves for the prior art antenna configuration 
15 of FIG. 22, 

FIG- 25 shows disperBion curves for the antenna configuration of 
FIG- 23 In accordance wHh the inventfon. 

FIG. 26 is a return lost diagram associated with the antenna of FIG, 9. 
In FIG. 1 through RG. 26, like reference numbers in different figures 
20 indicate like elements. 

DETAILED DESCRIPTION 

In ficmedfinrjei v/Hh thn invftnlion. FIG. 1 and FIO. 2 show en antenna 

100. Thft AniRnm 100 mmpri5AA a conductive mAmhftr 102 thflt Has an 

Aperture 1 04 nr opRnlng fbr rarilMing an electram^gnfttic ti\gnA\, recRivIng an 
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dectromagnflillc Signal, orfbr both radiating and receiving an BladitimHgnBlin 
signal. A transmission line 106 is csupled to an edge 124 of the aperture 104 
for feeding the aperture 1 04 with an efectmmagnntir. signRJ. A ground plane 
1 16 of a hrgh-hnp^r^anoe backing 1Z? is spaced apart from the conducttve 
5 mfvnhf^r 10? hy r thickness 1 18 of less than one-quartar wavfiiangm of the 

electromsgnfitlr signal. 

The hlgh-tmpedance backlrtg may oompriaa a high fmpedance 
surface, such as a magnetio-field suppressive ground plans. A magnetic-field 
suppressive ground plane refers to a muid-iayered structure in whicn the 

1 0 tangendat magnetic flaid at a facing surface 1 21 or an exK^or surface of the 

layers Is suppressed ov€*r a certain range of frequencies. In general, a high. 
Impedance backing 122 may be defined as a structure (e.g., a clrcutt board or 
a l^equency selective high-impedance suiface) where the ratio of tangential 
eiecrrtc field to tangantfal magnetic fiefd at a racing surface 121 of the 

15 jstmcmre exceeds some minimum ratio or appn^aches infinity. That is, a high 

Impedance of the high-impedance baddrvg 122 refers to a complex surfiace 
impedartca that has a complex magnitude wnrch exceeds the intrinsic wave 
impedance of a plane wave traveling in the medium (e.g., a dleiecmc medium 
or air) adjacent to and bounded by the surface. Ttie complex surfaoe 

20 impedance remns the ratio of total tangential electric Held to total tangential 

magnetic Held at the surface. For a ^ical case of a highnmpedence aurface 
in free &pace« the intrinsic wave Impedance represents the intrinsk? 
impedance of free apace, which is 1 20n or 377 ohms. For the more general 
case of a high impedanoe surface bounded by en isotropic dielectric medium 1 
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of relative pcrmiftivity & the surfcra impBriancB Is said id be a high 
impedance for frequenclea wera the comptex magnitude exceeds the plane 
wav© impedance for that medium of 120nVIr . 

Pr^cAkrii high impadance surfaces are louv-loss surfaces such that the 
mAgnih jtIp. nf thR rrdtetidan QDBfflderYf Ts near unity for all frequendes. 
Howftvrr. the reflection phase sweeps through zero degrees at the canter of 
thft hJgh-lmfiedBnca band. Thus, an alteniete way to doflno a high impedanoa 
Aurtnr^ \s fo s<iy that It l5 a low-loss, or lossless, reactive eurface whose 
nftflerfinn phase varies betwaen ■►90 degrees and -90 degrees over its high 
impedance ttandwldth. 

For certain high Impedance eurTacee, which may be refiarrecj to as 
Sievenpfper artlflcal magnetic conductors, the 90 degree rejection phase 
bandwidth (B^) of the high-impedanoe surface can be modeled in accordance 
whh thfi equation: 



is thA renonant frequency, or the frequency wheie a zero degree reflection 
pha»ft omjns, 7o v% the intrinsic Impedance of the dielectric medium hounded 
by the surfeoe. L is the effective inductance of the surface, and C is the 
effective capacitance of the surface. In fbragoing equation. Zo appeant in the 
ri^nominator. So, as the intrinsic impedance of the dielectric is decreased by 
T^Teiectric loading, the bandwidth or the cenatn high Impedance surfaces 




where 
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actually morases. It te Important to appnectata that the bandwidth of a high 
impedance surface doflnMl not only by ite surface properlioB, but also by 
thB praperttes of thQ medium 9Xtorior to or adjoining its wrface. 

Tho conductive mamber 102 may compriae a metaDic sheet a 
generally planar substrate having a conductive coating, a planar aj titrate 
having a conduclrva layer or film, or a portion of a printed diuuit bnani 
aesembly. Although Ihe conductive member 102 may have <3 vj^ rtpty of 
geomemc conrigunationa in FIG. 1, the conductive member 102 is 
subetantjaily rectangular and ia oommensurate in aizs with that of the high- 
Impedance bsckmg 12Z For example, the ccndudive member 102 has a first 
aurlace area that is oommenaunite with or generally equal to a second 
eurface area of the high-impedance backing 122. The first surface area Is 
bounded by a first perimeter (e.g., a first rectangular penmetar) and thR 
Geoond aurface area is bounded by a second perimeter (e.g.« a second 
rectangular perimeter). Thb first suriace area excludes the open area 
aedocioted wilh apertum 104 or another aperture configuratibn. The flmt 
Burfaoe area may be lee$ than the second surface arr^q by th« ^pHriure area 
of any aperture configuration disclosed herein and stilt hn ragRnled as 
commensurate with or substantially equal to the stjcond surface area. 

in one amtwdiment. the conductrve memb«%r 10? oomprtses a generally 
continuous oondudive surface, exxspt tor the ape/turB 1 04. The conductive 
menvber 102 may be ODnducdrva nn an infBdor side 128, wmch faves the hlgh- 
Impedanoe backing 122, and an extenar side 130, which ^ces opposite ttie 
high-Impedance backing 1??. AltematRly, the conductive member 102 mdy 
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be conductive on both the intdrior side 1 28 and the exterior side 1 30. Fnr 
example, if the conductive member 102 refers to a metai qt metallic sKeet, the 
conductive member 102 may be conductive on both ades: whereas if the 
conductive member 1 02 i3 formed of a dielectric substrRte with a metallic 
5 coating or metallic layer, the conductive infimher 10? may be conducdve only 

on one side. 

The aperture 1Q4 in the conductive men^ 102 m^y refer ta a 
generally rectangular ssTot. atttiough other suitable openings of ott^er geometric 
shapes and Gonfiguratians may t3eusBd to practice the invention. Examples . 
10 of other apertures or hRndwiiith-enhancing openings for enhancing the 

bandwUth rivFV gnnerany rectangular stot are descrfoecl sut)sequem^ 
herein. A length 1?6 of the aperture 104 may be based upon tne wavefength 
or frequency of the eiecfromagneiKc signal that is intended to feed the antenna 
100. 

1 5 The Transmission line 1 06 Heeds the aperture 1 04 In the conductive 

memhfir 1 02 at the edge 1 24 of the conductive noember 1 02 with a connecting 
end I3?(e.g., acenterconductorof a coayiaicabid)soafito provida a 
desired impedance at an opposite end 134 of the transmission line I0a. The 
impedance at tne opposite end 134 of the transmission line 106 may be 

20 vaned tsy connecting the connecting end 1 32 of the transmission line 1 06 to 

various points along the longitudinal edge 124 of the aperture 104. Although 
the transmission Une 106 Is shown as a ooaxial cable In FIG. 1 j tfie 
transmission line 106 may be fonned of a micfostrip transmission fine, a strip- 
line transmission line, a ooplanar waveguide, or eny other type of 
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transimiaaion line. Further, the transmission line 106 may be located on or 
may adjoin an rnterior srde 126 oip the conductive member 102 even though 
the Irensrnission line 106 is shown overlying the exterior side 130 of thc% 
conductive member 102 in FIG. 1. 
5 The high-impedance harking 122 rs spfirp.d apart from thft conductive 

member 102 and a difjlertrin region 1?0 intRrvenRS hRlwean the hlgh- 
impedancc backing 122 and the conductive member 10?. As shown in 
Fl(3. 1 » the flipJectrir. regkxi 1 ?0 may be an air gap. a vacuum, or an inert gas- 
filled region, Furttier, one or more dielectrfc spacers (e.g.. column&r or 

10 cyllndrina] membRr?!) m<v tm Insertnd in itiR dlfslectrln mglon 1?0 lo maintain a 

; unltbmi spacing between the conductive surface 102. and the hlgh-lmpedance 
backing 122. Dielectric spacers may not be necessary where ttie conductive 
member 102 and the htgh-impedance backtng 122 are mounted to a common 
housing or supported by adheslvas or mechanical t^reners Hot malntalrting a 

1 5 reliable and unlfonfn spadng between Ttie conductive member 1 02 and the 

hlgh-lmpedance backing 122. 

in general, the high-impedance backing 122 has a senes of conductive 
cs(ls 1 10 amangfid In a geometric p^ittem for suppresfilng at l9ast one 
propagation mode Itnm propagating betuvean the conductive member 102 and 

20 the high-lmpedanoe baddng 122 over a certain frequency rarige. Tbe 

conductive ceils 1 10 may comprise conductive petcfies, metallic patches, 
rectangular patches^ loops, rectangular patches with cutouts, or other suitable 
metaoic stmctures that In the eggragate ara tuned to fomi a bandgap for at 
least ona propagation mode. The geometric pattern may represant a periodic 
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Array nf nnndurtivn cells 110. a lattice of cells 1 10. or some ottier 
anangement of cells 1 10 In one or more layers, tne conductive celts 110 are 
separated from one anotner by infiuiating regions 1 08 or the high-impedance 
backinQ 122. 

5 The conductive cells 110 need not be generally rectangular as shown 

in FlG.1. In other embodlnrients, the cells 110 may be generally triangular, 
hexagonal, polygonal, annular, Jooped; or the calls may nave otner geomatric 
shapds. ir tha hlgtWmpGdancB baclcing has multlpto layers of oonducth/e cells 
110, the different layers may have similar or dtesimllar shapes and may be 

ID separated by an tnten/anlng dielectric layer. For e)eample. tho conductive 

ceils 110 may take on the ibrm of loops as taught m pending U.S. patent 
application serial numbers oa/679,128 and 0»ir704,510, entlued MULTI- 
RESONANT. HIGH-IMPEDANCE EI^CTROMAGNETiC SURFACE (filed on 
October 4. 2000) and MULTI-RESONANT, HIGH-IMPEDAIMCE SURFACES 

16 CONTAINING LOADED-LOOP FREQUENCY SELECTIVE SURFACES (Tiled 

on Novdmbar 1 , 2000}, t^aspectively, which are incorporated herein by 
reference. 

In one embodiment, the high-impedance backing 122 has a fiaries Of 
conductive cells 1 10, which may be arranged as islands or othenme. 
20 Although the conductive cells 110 of FIG. 1 are generaOy separated from one 

another by a dielectric pattern or insulating region 108 of the Mgh-anpedancd 
badung 122, in an alternate embodiment the conductive cells 110 may be 
electrically connected by bridges of conductive material to provide desired 
broader bandwidth charaderislice of the high-impedance becidng 122. 
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At least some Of th8 conductive cellB 110 are connected to a 
ronductive ground pl^ne 116 of the higWmpedance backing 122 by one or 
more connectlvo conductore 112, plated thpough-telw, or oaier vBrtinal 
conductors. In one embodfmenl, all of the conductive celte 11 0 are cnnnected 
to the conductive ground plan© 116. For example. In FIG. 1 and FIQ. 7, each 
conductive p^tch 110 le connected to the ground plane 119 through rts 
connective conductor 112 {e.g., a via or a plated ttirough-holfi). In another 
ombodlment, some subset of the conductive cells 110 may remain Isolated 
and may not be fri direct cument (DC) electrical contact with the ground pianG 
1 16. The oonn«ctivB conductors 112 ar« surrounded by a difitectrlc flNer 114. 

In en alteniatD embodiment, the dietedric filler 114 may bn an air 
dielectric. 

in one embodiment, the high-lmpedanoe backing 1?? may be raferrad 
to dfi one or more of the following: an artificial-magnBtic: condurtor ground 
plane, a frequenc]^selective high impedance surfaoe, a hIgWmpedanca 
ground plane, and e magnetio-Reld auppressivo ground plane. The sertes or . 
cells 110 and the Ineulatrng i^lon 106 or insularting pattern rm the Interior 
surface are an'angBd go as to inhibit the tangential magnBtir. fifilri from 
propagating on an exterkw surface of the hrgh-impRdance backing 122 
adjacent to the dieleclnc region 120. ThR hflight of dieiectflo region 114. may 
aleo be selected to inhibit dw tangentiRl magnetic field from propagating in a 
region between the higfn'mpedance backing 122 and the conductive memtwr 
102. 
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An artificial magnetic conductor refm to a etructure where the 
magnitude of the tangential magnetic field approaches zero over a limited 
range of -frequenotes, whereae in a perfect electric oonductor the magnitude of 
the tangential electric field a|)pn:>aches or equals 2em as a boundary 
5 condition. In practice, the arrangement nf conductivB nellis 110 prnvirlns sunh 

a high impedance (at the facing surfacse 121) to the tangRntinl mf9onetj[;1iRld 
over a limited bandwidth about a bacfdng resonant frequancy range so as to 
inhibit the tangential magnetin field horn supporting propagatfon punruant to 
various paiasltic orurwanted pmpagatinn rrcdea. 

1 0 The ^portijrH 1 04 may tw c:harar:tan>flri tiy m apanure resonant 

fraquRnny range ttiai is dstemilned at least partially by the dimensions and 
the shape of the aperture 104. A maximum aperture length i?6 refers to one 
dimension of the aperture 104. The aperture resonant trequency range and. 
itie backing rRAon^nttlrequancy ranga are ideally aligned nrovartappRd to a 

19 suffiniRni RKiRnt to produce an overall resonant fr^Rquenny n^pnnssa at a 

desired antenna frequency or over a desired an antenna frequency range. 

A facing surface 121 (rormed by the combination of cells 110 and an 
insulating region 108) of the hign-impedance baclclng 122 may t)e oonflgurBd 
consistent wfrti an assortment of geometric configurations tnat pmvlde a nigh 

70 impedance to at least one unwanted propagation nriode over a certain 

bandwidth. One or more or the ibiiowing propagation modes may be inhibited 
from propagating in the dlatectrtc region 120 or In another region between the 
conductive member 102 and the ground plane 116: a transversa eioctrlc (TE) 
mode, a transverse magnatic (TM) mode, a transversa aladromagnatic fJEM) 
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modd, a longitudinal secdon electric (LSE) mode, and longftudlnaf sectron 
magnetic (LSM) noode. LSE and LSM modes are vaddtlons of TE and JU 
modes. respdCtlvely. 

The foregoing TE, TM, and tek/I modes may be refferred to as lateral 

5 guiddd wavd modoe. The latsrsil guided wave modes may be excited in an 

antenna configuration that InduddG perallel plate oonductore such aa that 
generafly formed tiy tie conductive member 102 and the metallic ground 
plane spaced apart from the cortdiictive member 1 02 by appro)COTiately one- 
quarter wavolength. Because tbe lateral guided wave modes orother 

10 peraaHio modea excited by the aperture 104 are prevented or inhibited trom v 

propagating, the antenna 100 provente the fbmnation of unwanted side lobes 
or pattern dretortioh (e.g.. ripple) in the radiation pattern of the antenna 1 00. 
The radiation pattern of the antenna 1 00 may provide a generally 
hemiepherical radiation pattem, a generally unidirectional radiation pattern . 

1 5 from the aperture 1 04, a eubetantially cardiold radiation pattam or some other 

pattern. 

The inhibition of the propagation of the parasitic modee of propagation 
allows the antenna of the invention to be constructed in accordance with at 
various configuratione. Under the configuretion of RG. 1 ar)d FIG. 2, the 
20 lateral sides of the antenna 1 QO are not endoeed with any condudivB sido 

wails adjacent lo or sunDunding the dielectric region 120. The arrangement 
of the conductive cells 11 0 and facing surface 121 cf the hfgh-lmpedance 
hi;ickIno 12? inhibiis the pnopagation of parasitJc alectTDmagnetlc modes over 
n r:ftrinin hi^ndwidth to compensate for or aooomnnodate the absence of any 
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conductrvo eide wdlte. Accordingiyp m F^tG. 1 trie configuration of ttie antenna 
1 00 reduQgs thd manuracturing cofit and reduces the manutacturtng cycle- 
time cr complaxity of the antenna in accordance with the fnventbn by 
eliminating the need to fabncate the antenna 100 without any lateral vertical 
oonducbVo side waTb for eiectromagn^ic ehiefding. 

In a preferred embodiment, the height or thicknese 118 of Ihe antenna 
1 00 irom the ooruiuotive member 1 02 to the conductive ground plane 11 6 la 
leee then one-ouerter wavelength at the naeonant frequency of the aperture 
104 or the antenna 1 00. Aooordingly, the antenna may be readily Integreted 
into e portable wireleee oommunicatione device where'compact deejgne are • 
deeirable. Further, the antenna may be integrated Into a conformal antenna 
or embedded antenna deaigne for vehldee where apace conservation and 
relrabinty era oonceme. 

In one configuration, the height or thickness 118 may range from 
approximately one-twenty-fifth of the wavelength at the frequency of operation 
to one ffffieth of the wavelength at the frequency of aperation to further 
enhance the space efTiclency of the antenna of the invention. 

The radiation psttem from the aperture antenna 100 with the high- 
impedance backing 122 provides a unidirectional pattern such as a 
hemiepherical pattern. Further, the predicted radiBtion pattern may remain 
intact even if the antenna la mounted directly on another metal eiirface or 
placed in proMmlty to another object (or person) beoeuae of the electricat 
isolation achieved by the h^h-lmpAdance becking 122 configuration having 
the arrangement nf oondunlive niMli^ 1 10. 
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The oonfiguration of the antenna 100 of FtG. 1 allows the lateral aides 
to be open or not ahielded wifhout produGing a sen'ous electronnagnetic 
mtarfarer 06 to other nearby eystem components of electronic devices such as 
portabie wireless comnnunications devices, 
5 In accordance with ona aspect of the invention, the aperture antanna 

(e.g., antenna 100) of the invention may be neadily fabricated as a drcuH 
board assembly. Acoordlngly. ^e conductive member 102 may represent at 
least one metallic layer of a printed clruuit board assembly. The tiigh- 
Impadance backing 122 comprises a dielectric layer sandwiched between a 
1 0 pattern of conducffve ceRs 110 and a conductive layer (e.g.. conductive 

' ground plane 116). Further, the high-impedance beddng includes at /east 
some ronnentive conductors 112 (e.o.. vias or platRd thmugh-hnlRs) that 
elar:trlnally cnnrwrt nm nr mnm of ttie nnnrtuctive r;air>s 1 1 0 Id the conductivB . 
layer. 

1 5 The high-lmpedqnce surface 1 22 suppresses at tes^st one prqpagatipn 

mcKjefrom propagating between ttie nonrluctive member 102 and pattern of 
cnnduntive cells 110 over frequRpicy bardwtdlh r^nge defined by at le;35t the 
arranQBmentof ttiR cnnductlve cells 1 10. connsntfye conductors 11 2 (e.g.» 
vlas), and a dielectric properties of the high-impedance hacking 122. The 

?0 connective conriunrors 112. tne conductive ceils 110, dielectric spacers, and 

other features of the antenna ara readBy producRd oy cTrcurt^oand piocessing 
techniques or other low cost manufacturing techniques described m pending 
U.S. applicalton aerial nunriber 09/-,—, entitled ARTIFICIAL MAGNETIC 
CONDUCTOR SYSTEM AND METHOD OF MANUFACTURING, filed on 
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April 27, 2001, ancf tnvented by James 0. Uliy. which is inmrpnrated herpin 
by reference. The above application entlUed ARTlFlCiAL MAGN^IC 
CONDUCTOR SYSTEM AND METHOD OF MAMUFACTURING dalms the 
benefit of pran/islondl appncatton serial number 60/?7i .255 (filed Febmary ?Q. 
5 2001 ), which Is inoorporatfid herein by rererenoe. 

in an alternate embodiment, the tran^nf^lfiston line 106 of FIG. 1 and 
FIG. 2 \6 mountod within iTkd interior cavity fbrrped by the conductive member 
102 and the high-impodanco backing 122, as opposed to on or near an 
e^ddnor $ida 1 30 or the conductive member 1 02. Advantageously, the 
10 transmission line loe orientation on or adjacent to the Interior slda 128 

permits the antenna to be configured in a substantially rectangular or 
polyhadraJ form Ibr mounting in association with an electronic device or-a 
> wireless oommunicatlons devlca. 

FIG. 3 ar^ FIG. 4 show another ombodlment or the antenna tn which 
1 5 the didlactric region 1 20 (s filled with a dielectric layer 202. The antenna of 

FIG. 3 and FIG. 4 Is designated by reference number 200. Like referenoB 
numbers rn FIG. i through FIG, 4 indicate Dke elements. 

The dielectric layer 202 may refer to a dielectric foam, a low density 
foam, a ceramic InsulatOTi a polymeric insulator, a plastic insulator, 
20 honeycomb Insulalion, or another dielectric suitable for tha frequency of 

operation. For example, if the dielectric layer ie constn/ctad of closed cell 
foam or another low^loss dielectric of sufFiciant thickness, the bandwidth of the 
structure may be enhanood over the use of a higher permittivity dielectric 



PA6E33f79'RCVDAT11/21120053:38:13PM [Eastern Sl»^^^^ 



11/21/2005 15:40 TEL 1 831 549 0404 STRIKER 0 STRIKER * US PTO @034/079 



WO07yiai«46 PCT/lTSn2/17779 



18 

region 120 betwwn tha conductive member 102 and iha hfeh^lmpedance 
backing 122, 

The dieleciric layer 202 may have a dielectric thickness 1 19 that is 
selRf*«H to provide the lowest possible thickness 1 18 (i.e., depth) of the 
5 antRnnfl nr the lowest podsiWe depth that moots a minimum t)andwlrilh 

crifRriei. Affi»fdingly. the dielectric layer 202 may have a dlelecfrlc ihirJcness 
119 hf^n approximatfily one fifUath (1/50) of a wavelength and 
apprairim^^ly one-tenth (1/10) of a wavelength at a Irequency of opwation of 
the antenna. For example, the dielectric layer 202 may have a dtelBrtric 
10 thldcnass 1 19 of appraximetaly one twenty-fifth (1/25) of a wavaicngth at. tha 

tFGquancy nf npa/ation^ 

ThR riinlftctric layer 202 may have a dielectric thlckresfi 1 1 9 that In 
•s^cted tn piwlde the greatest poeeiblo bandwidth for an overan prafllR nf ttie 
antenna that l» less than one-quarter (1/4) wavelength In depth at the 
15 frequency nf npftraiion. 

In an aHr^mstft embodiment to FIG. 3 and FIG, 4. an antenna IncJudBs 
a transmisston line 106 that a routed within the dieledrtq layer 202. The 
transmissinn line 10B would be dispoeed between the conductive memder 
102 and ttm high^mpadance backing 122. Accordlngiy. the antenna would 
20 prowWfi a polyhedni) nr a generaUy rectangular profile for mounting wtlhin or 

Integrating it within an elarimrtic device or another ftem. 

FIG. 5 Is another amboriimftnt of en antenna. The antenna of FIG. 5 Is 
designated Dy reference number 500. FIG. 5 la aimilar to HG. 1 except Idr 
lha orteniatton of the longiiudinRl ajda of aperture 1 04 wBh rwped to one 
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principal axis (504. 506) nf the pattern Gf ceils 1 10 on Ihe high-impedance 
backing 122. Like reference numbers In FIG. 1 and FIO. S indicate like 
elements, 

The apertureiO^ RG. 5 has a longitudinal axis !50? that is parairsl to or 
5 coincldem wtth the greatest longitudinal length of the apefture 104. The 

maximum longitudinal langth 1 26 of the aparturp 104^ Ir generally proportional 
to the frequency of operaiion of the antenna. A pattem may comprise a lattice 
of oondudh/e cells 1 10. A lattice refers to a periodic or repetitive structure of 
cells 1 10 in a higt^impecrancci backing 122. If the lattice Is a two-dimensional 

10 lattice, each of thg cells 1 10 may be bound by a first pnncipai axis 504 and a 

second prtndpai asds SOG that extend frem a common vertex. The tirst 
lyfnclpai axis S04 and the second principal axis 506 may be refeired to 
collectively as piinclpai axes* Atthough the pnndpal ai^s are generally 
orthogonal to eac^ other in FIG. s, the principal axes may itirm mher angiB?: 

1 5 with respect to each other that depend upon (he ceil geometry of the hlgh- 

Impedance backing 122. 

Here, as shown in FIG. 5 the cells no are generally rectangular and 
arranged In rows so as a to form a grid for the cell geometry. Ttie principal 
axes (504, 506) are parallel to or coincident wtth the rectilinear dimensions of 

20 the grid. Accordingly, the longitudinal axis 502 of the aperture 104 forms an 

angle {0} wrth one prindpal exia 504 of the high-lmpedance backing 122. As 
shown, thR^nglK 6 1» approximalely 4ii riftgmea. although In an alternate 
embodiment the anglo e may range ftam zero to 90 degrees. At 
epproximateiy 45 degrees or another suitable angle, the bandwidth of the 
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antenna may be enhanc»(f. The pmfRmntii^ angle for anc^' 0 may be 
determined empirically or an a triai-and-error ba^. for ^mpie. 

TtiQ enhanced banduvldth of the antenna may be defined by a return 
loss having a greater frequency range that exceeds a minimum return loss 
5 suitable for an ^adanca match to a transmitter or a recQrvor couplad ts the 

antenna* for example. The bandwidth of the antenna 500 roferc to not only 
the bandwidth of the aperture 104 or aperture bandwidth, but the aggregate 
overall bandwidth produced by the cooperation of the aperture bandwidth and 
the backffig bandwidth of the high-Impedance bacldng 122. An Illustrative 

10 example of an improvement in bandwidth^ as expresaed in return lose 

bandwidthp ie deacribed later with reference to FIG. 17. 

FIG. 6 ia Gimllar to RG. 5 except RG. 6 includes a so/id diefectrio layer 
202 eandwiched between the conductive member 1 02 and the high- 
impedance backing 122. The antenna of FIG. 6 la designated by reference 

15 numeral 600. Like reference numbers in FIG. 5 and FIG. 6 rndicato like 

elements. 

The dielac±ric ihicknesE 119 of the dielectric layer 202 maybe greater 
than or equal to approximately one-tenth (1/10) of a wavelength to increaee 
the bandwidth cf the'antenne 600 over that of e thinner dielectric layer, 
20 regardless of whether the antenna 600 hae a diagonally oriented aperture 104 

or not. 

FIG. 7 through HG. 12 ahow various oonfigurattona for bandwidth- 
enhancing apcrtur&d 700 m the conductive member 102. Uko reference 
numbera Indicate like elements In PIG. 7 through FIG. 12. 
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The openiriga 700 o f FIG. 7 through FIG. 12 ere generally fanned or 
iiXreased in dimensian away from the geOfnefaric center point 702 of the 
opening. For example, the openings 700 of FIG. 9 through FIG. 11 may 
resemble bow-tie shapes. The fanned nature or Incnsasingly large din^sion 
with displacemerrt from the geomstric center point 702 generally Increases the 
bandwidth of operation of an antenna that Incorporates the respective 
apertum. 

FIG. 7 shows m opening 704 that comprises a ger)erally rectangutar 
slot. that Is terminated in ganafally rlrnular or Ksmi-circular Rtiapas so as tn 
form a bartj^nhaped aperture. Thf» opening 704 is fbmiafi in conductive 
memhRr 720. wtiirh tmy he incorpnnated Intn an antenna conBistent with the 
invention. 

FIG. R has an opening 705 thr3t is sinvlar in ^ape to that of FIG. 7. 
except that the generally rectangular slot Is terminated in aroshaped areas 
707, The opening 705 Is "farmed In conducUve memher 722, which may be 
incorporated Into an antenna consistent with the invnntinn. 

FIG. 9 through FIG. 11 show aparturRfj (708, 708. 710) with generally 
bow-tie shapes that are formed by compound aggrB^tion nf gsneralhr 
triangular openings where one triangular openino is invnrted with rRspRrt tn 
the other aoout the g^metric center point 702 of the overall opening. Near 
the center point 702, each of the apertures tn FIG. 9 through FIG. 11 has a 
narrow opening region (e.g., 717, 71 9 and 721 ) with conesponding edges fhat. 
provide a feed-point fbr a transmission !tna (e^., 106) for feeding the antenna 
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and matching the characteristic impedance or the transmiwion line ta the 
antonna. 

FIG. 9 ehows a top vigw of a first opening 706 In a conduetfve member 
724 of an antenna. The cutermofit periphory of the first opening 706 i£ 

5 generally curved FIG. 10 ehowe a top view of a second opening 705 In a 

conductive meml>er of en antenna. The outemioet pertphery csf the sacontf 
opening 708 la generally etralght FIG. 1 1 shows a top view of third opening 
710 in a conductive member of an antenna. The outennoet periphery of the 
thinj opening ia gencrerily curved. 

10 . FIG. 12 shows a top view of e frame-like opening 71 iin a conductive 

member of en antenna. The fname-like opening eeparatos an inner 
conductive eurfoce 713 from an outer conductive eurfaco 715 by a gap. A 
dietedric filler or dieledric membere of the antenna may tie used to support * 
the conductive eurfeoe 713 above the corresponding high-impedance 

1 5 backing. The firamemke opening has a narrow opening region 723. Ttia 

frame-IB<e opening 71 1 may represent a bandwidth-enhancing aperture that 
incrBBses a bandwidth over that of a PBCtangular elot 

A fanned openino. a bow-tie aperture, or a bar-bell aperture, or any 
other bandwidth-enhancing apertures of FIG. 7 through FIG. 12 may bo 

?0 Inmrporatftd into any of the embodiments shown in FIG. 1 through FIG. 6 or 

other QTnbnrilmants diftrtbfted herein. 

FIG. 13 through FIG. Ifl pmvide examplae of how the bandwidth- 
rncraasing opRnlngK nf FIG. 7 throush FIG. 12 may be incoiporated Into an 
aperture- anfi^nnA. Ukn rfiferftnce numbem in FIG. 1 through R6, 18 indicate 
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Iik9 9ldmdnte. The snconna of fig. 13 incorporHtm ttrn cnnductlve member 
720 having tho apdrture 704. TTie antenna of FIG. 14 incniparates the 
canductiva member 706 having aperture 70B. The antenna of FiG. 15 
incorporates the conductivo member 726 having aperture 708. The anterna 
5 of FIG. 16 mcorporatea the conductive mamber 723 having aperture 71 0. The 

antenna of FIG. 17 inoorporgtodthe conductive member 730 having opening 
711 . The antenna of FIG. 18 incorpofates the conductlvB membar 727. having 
aperture 705. 

In each of the configurattane of RG. 13 through FIG. 18, the 
10 tranwnlssion Una 108 termmatee at a narrow opening region of a reftpacflve 

aperture so as io excilB elecirical onaipy (e.g., a voltage potential) acrass the 
wleti'vdy narrow opening region or a nanoweat portion of the respective 
aperture. Ae previoualy deecribed^ the tFansmisslon 10& line may t)a a coaxial 
cable, a micro-strip, ^trip^lne, a ooplanar waveguide, or any other microwave 
1 5 waveguide. 

Fie. 19 and FIG. 20 show an antenna 800 that la aimiJar to the antenna 
100 of configuration of FIG. 1 ejcceptthattheantannaSOOof FiG. 19 and 
FIG- 20 features partially or fUlly encloaad metallic sides 802 or plated £(des, 
as opposed to the open-sides of FIG. 1 , The metailic aides 802 may form a 
20 cavity fi04 (e.g,. a resonant caviiy) lhat eupprofifiee the unwanted radiation of 

par^jRitic pmpj^gation modes that are not attenuated or inhibited by the high- 
in^Bdanca backini) i22 (e^., a magnetiofield euppreaeive ground plane). 
For BxampiR, thR itifttaliir. sides 802 may suppress the radiation or excitation 
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of parasitic modes 9C frequencies above or below the banri or bands nf 
oporation orvie btgrvlmpedanoe backing 122. 

FIG. 21 is a cross-sectional side view of an antenna that Is slmllarto 
the configuration of RG. 19 and FIG. 20, except the configuration of FIG. ?1 
6 features a multi-(ay©red h^h-impedance backing 5 10 and linear series of 

platad through holac 808 that act afe a conductive side wall. 

The high-impedance backrng 810 of FIG. 21 include a lower layarthat 
16 eimter in construction to iha hlgh-impedanoe backing of FIG- 20, Further, 
the Mgh impedance backing 810 of FIG. 21 includes an upper jayer overlying 

10 the bwar Layer. 

The lower layer comprises a conductrvo ground plane 822, a dieiearlc 
81 8 overlying the ground plane 822» conductive vlas 820 e:Ktandlng through 
the dielectric 81B, end conducUve cedG 81 6 coupled to at least some of the 
conductive viea. The upper layer Indudea a eerlae of ceils or conductive cells 

1 B that are offeot in orientation from tho calls of the lower layer. The upper cells 

are separated from the lower colls by an intervening dielectric layer. The 
degree of overtap betuveen the lower cells and the upper calls may be ussd to 
control capecitlve coupling betv/een the lower layer and the upper layer to 
manipulate or enhance the bandwidth of the hlgh-lnfjpedance backing s 1 0, 

20 In FIG, 19 through FIG. 21, the aidee (802 or 808) of tf^ antenna 

asaembly 1 DO ere partially or fully endoaed with conductor material, 
compoaed of metal, an alk)y, or e metallic mstoria], such that radiation from 
the edgee of the antenna of the invention le eseentlally eliminated or 
significantly reduced. The conductive side walte (808 or 802) form a barrier 
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that Inhibits the propagation oC any parasitic eiRCtromagnelic modes to 
improve the suppression of unwanted side lobes of the rarilatlon pattern 
and/or unwanted radletton pattern distortion. AoconSlngiy, the lateral side 
walls may form a conductive cavity :hat Is twunded generally in eacsh direction 
5 except for ihe aperture 1 04, The side walls may cnmphse a plated metal, a 

Tiim, tape, or even plated through holes sucti as a continuum or unaar series 
of vlas used in e high-impedance backing (122 or8lo),tbrTnecl In accordance 
with printed circuit board fabrication techniques. 

FIG. 22 illustrates a c/oss-sodionei view of a prior ert cavltyMcked . 

1 Q aperture antenna. A erngle aperture 104 (e^., a slot) excites electric llalda 

both above arid below the aperture. The aperture 104 is posltfcned in a 
conductivs member 102 which Is spaced apart from a conductive strfp 101 by 
approximately one-quarter wavelength at the frequency of operation. The 
lines and cun/es that tenninate in arrows indicate lines or eiectitc neid about a 

16 radfatkig antenna. 

Some of the eiectnc field lines 97 shown within the cavity represant 
one or more parasitic modes. For example, the vertical electric Tield lines 99 
reprecent parasitic modes in the parailel-plate region below a radlaung 
epertum. Interior to the parallel-plate region, in a uniform dielectric the 

20 electric field lines attach to the lower conductor, and get earned away as a 

transverse eledlromegnetsc (TEM) mode. Conductive eidewalls 95 which 
connect the conductive member 102 end the conductive strip 101 ere required 
to contain thie parasitic energy In a practicel cavily-backed antenna of the 
prior art 



PA(X41l79'R(M)AT11l21/2l)053:38:13PM[Easten)Standanirie]'SVK^^^ 



11/21/2005 15:42 TEL 1 631 549 0404 STRIKER 0 STRIKER ■» US PTO 0042/079 

wo 02/in3S4tf ?CT/n5;0Vl77W 

26 

FIG. 23 fihows an apertufd antenna backed a high-impadance 
backing 93 accoiding to the invention. The highnmpadanoa backing 93 
includes conductive cells 110 coupled (□ conductors 112. The ccndudors 
1 12 may oonnejrt one or nxjre conductive cdl3 11 0 to ftre cnnductive gmund 
5 plane. As shown in FIO. 23. the conductive cells 1 10 are pcKtltioned in two 

vertical offset layers to provide a cgpgcrtfve effect that tunes the resangnt 
frBquenc/of the higti-impRdanne tiadclng 93. The high-impRrlanna hacKlng 
B3 provfdss a suriace deHnerl by the layer of cells 1 10 ctosest to the 
_ oonductrve member 102 with a high Impedance boundary condldon over a 

10 bandwkitti ttiac coincides with trie resnnant frequency of the aperture 104. 

Acoorrilngly, in contrast to the elRr*ic fieW linfls 97 of FiG. ??, the alRrtn'c 
fiFfkl lines 91 of FiG. ?3 rend not to attach tn tha Inwar .sur^ hacause ttie 
equivalent surface current, which is requlrad to support them, cannot 
propagate. 

15 TtiB higti-impedanca backing 93 Inhibits propagation of a fundamental 

TEM mode that would otheivnse be found In a uniform parallel-plate region to 
enhance tna efficiency of the antenna and reduce Inierference from unwanted 
side tabes of tne antenna. TEM mode or other parasitic modes cannot 
propagate within the cavfty of FKS. 23, and electromagnetic power will not be 

20 guUed or propagated laterally within an opeh or cto$ed cavity between the 

hlghnmpedance backing 93 and conductive member 1 02. Some 
Btectromagnetic energy of a certain bandwidth will be stored In regions of the 
high-jmpedancd backing that act as capadllua regions, inductive nsglons, or 
both tD tha gladromagnetjc energy within the cavity. However, the 
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olectromagnetfe Bneigy will not be dissipatad as loss or guided in a lateral 
direcbon, at least over a limited bandwidth of operatron. 

^IG. ?4 presents a dispersion diagram of a prior antenna of FIG. ?2, 
wheieas FIG. 25 presents a dispersion diagram of an tliustraUve antanna of 
5 the Invention of FIG. 23. The dispersion diagrams of FIG. 24 and FIG. 25 

contain curves that reprdsant plots frequdncy versus phase oortstant (Pj. Tho 
vertical 9306 repnaGonte frequar^cy and the horizontal axis represents the 
phaae gonstant (3). The phase constant (0} indicates the amount of phade 
shift of an alactromagnAbc sigrval pnr unit length of a cavity region of an 

1 0 antanna. For eicample. for an rrieal transmission line the phase constant 

canforms to the foUowIng equation: p = 2nfK, where f h the phasR nnrusbint, 
and A IS a wavelongtti or tne eiectromasnatlc energy measured alorig a cavity 
region of an antenna. 

The fight line 81 forrrid a reference line for the phase constant in an 

15 ideal cavity region. The light line 81 forms e boundary between a fast region 

76 and a slow region 78* In the fast region 76. electromagnetic enargy 
appears to propagate faster than the speed of light from a certain frame of 
reference. In the slow region 78, the electromagnetic energy appears to 
propagate slower than the speed of fight for a certain fpame of reference. The 

20 fast region 76 and the slow region 78 are defined t>y generafly triangular 

regions. 

ThA pmtlRl-plAl«» cavity region of FIG. 23 can guide TEM nnodes at all 
frequenciR^, avitn rinvrn to direct current (OC). However, the dispereion 
curves 69 for the TEM mnde has a constant phase velocity, which travela 
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slower than the spQed of light e, defined by c/^^i^ whdrd and are 

the relative permeability artri mlafive ftermiHivity of the homorjenenus 
dieleninr*. PhArrm^ahilHy defines the nelsftionship between a magnetic field 
infpn?iity find magnetic flux density In a particular medium. PermlQl^ey defines 
the rdationship t^etween an electric filed Intensity and electric flux density in a 
pprtlcutar material. In certain IsQCropIc rnatertats, permeabllny and permittivity 
firF readily defined as constants. 

In FIG. 2A. the dfspersfon curve 83 Ibr tne TEM mode \& round Mow 
the light line In the slOMf wave region 78 of the dispersion diagrarn. Higher . 
order modes, transverse electric (TE) and traneverse rnagnetlc (TM ) have a 
dispersion curve a2.al)ove the light line as fast waves. Their phase velocity In 
the lateral diiection travels fesD&r then the speed of Tight in a vacuum. 
Furthermore, only a ftnlte number of IE and TM n^odes cen propagato at a 
given frequency. For either the TE or TlVl modes, the m*^ mode has a cutoff . 



In FIG. 25, the hlgh-inpedance backing suppresses or eliminetea the 
propagation of a puna TEM mode because the high-impedance backing 
suppresses the propagation of the niagnatic field required to support the 
boundary conditione of continuity for the tangential electric and magnetic 
fields of the TEM mode. The aperture antenna of PIG. 23 may support the 
propegatfon of TE end TM modes within the caviiy. but r^ot rn a bandgap 
region 87. The supported TE and TM modes are commonly called 
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longitudinal secd'an electric (LSE) anri InnQrtijdIrvil Rdntkin magnetic (LSM) 
modes. The fewest order mode Is an LSM mode whosR fiRld structure is a 
perturtialton Of me Ideal TEM mode, and It propagates from DC In the slow 
region 75. Higher order modes may be LSE, LSM. or botfi. Each LSE or 
LSM modd in thd fast region 76 has a distinct cutolf frequency dBfined by the 
configuration or me antenna, including matenai dimensions end material 
properties. 

Tha backing DandMndth or bandgap represents a range of firequendes 
whereby modes ard suppressed or inhibited from propagating withfn the cavity 
of the antenna. For oxarTiple« a lower frequency of ihe bacldng bandwidth 
may be at approximalely 1 1 GHZ, whereas an upper frequency of the bacldng 
bandwidth may be at appro)gmateiy 19 GH2» although other upper and tower 
trequendes fail within the eoopa of Ihe mventlon. The periodic or repetitive 
structure of the high-impedance backing (e.g., 122) supports the1brmatlan-af 
ihe bandgap 87, which may be referred to as a stopband. Further, the 
oombjnatian of the high^mpedance backing 87 and the corrductive member 
may provide a wider bandwidth or bandgap than an conductive member 
having a slot that Is not bacl<ed by a high-impedance backing. Acconnngiy, 
the antenna of the invention may radiate efflcientJy over a greater bandwidth 
than othenmee would be possible^ 

The lower LSM curve 86 in FIG. 24, which extends from DC, 
represents an LSM mode. At low frequendea it looks much like a TEM mode 
since it has a vertical component of eiedrlcfield, which epens the distance 
between conductive member 102 and the htghnmpsdanoe backing 93. 
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HawEvcr, tower LSM curve 66 slowa down abovft DC and becomes ojtDff, or 
ceases to propsgFiK At or near the lower frequency designated ds In FIG. 
25, Above the hanrigap, at or rear the upper fr^quwicy, desigreted as 1^, 
two more modes wilJ hngin h? propfl&«te. Theee ar^ likgV to bo an LSM and 

5 an LSE (longrtudinpl sftrlion etectric) mode. A9 indicated by the LSM 

dlepa^Bion cunre 84 and the LSE dispersion curve 86, they start off as fast 
waves, Jufit like the dominant TE and TM modes in a homogeneoue. 
dielectrlc-filidd, parallel plate wavRguiriit. Howevw. these modes do not 
remain a$ fast waves in the fast w«vft regfen 76 et higher frequendas, but 

1 0 CI06G over the l»ght line and hAnnme slow waves {reletive to the speed of light) 

In the filow wave region 78. AN modes, either ea test wavee or elow waves, 
are bound modes in this oxampln nlnce the atmcture is enclosed in e manner 
that inhibits radiation from the antenna In the bandgap region 87, The 
bandgap fi7 Is repnesented hy the n^rtanguUr box bounded by (d and ff2 on 

j 5 the vertical axis. Leakage of unriRslmd dedromagnetic radiation into frea 

epsce wftwn the bandgap 87 is minimal or nonexiatent. Further leakage of 
undeslred electromagnetic into freft space outside of the bandgap 87 may be 
discouraged or pravemed by the inclusion of aidewalte, es deecribed in 
conuinctlon wnnthe sotampleB of fig. id thmwgh FIO. 21. 

20 FiG' 26 shows a return loss dsgram frir an antenna in aocordanoe with 

the invention. The hortzontal axis represents ttiH fmquency of an 
electromagnetic signal transmitted from antennR. The vertical axis represents 
e return loss of the antenna. 
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Fi(3. 27 compares two jniifitrative return-loss eun/es tor ^ difTierem 
antennas, A firet retum-loee curw 402 refers to a rBtim loss r^pon^ for an 
arrtsnna of FIG. 1 or another antenna hgving a longitudmal axis of a slot 
aligned vvith a piincipal axis or one axis of a grid of conductiva calls 1 1 □. A 
5 Gdoond retum-loss curve 408 represents 8 retum-foss response for an 

Qnienna of FJG. 5, FIG« 6 or another antenrui with a diagonal orientat/on of the 
longitudinal axle of the apertura 104withrDepeotto a principal axis or one . 
axia of a grid fomied by ttie celte 110 of a high-inipedance backing 122. 
The eeoond retunvloee curve 408 in FIG. 26 has a sTightfy greatar 
1 0 bandwidth than tha first retunvlosa curve 402. The nagion 400 of 

improvement in IHa return loss or the bandwidth improvomant is indlcatad by 
the crose-hatched region 400 lying between the first ratum-ioss curve 402 and 
the second retum-iodd curve 408. 

The vertical axis cf FIG. 26 rapreeente a return lose in decibels or 
1 5 another meaeure of magnitude. The return loss represents the 9«nount of 

power thet is transmitted away from the antenna and does not return as a 
refleofion or 8tandff>g wave in a tmnsmiaaion line 106 coupled to tha antenna 
that Is feeding the antenna. Accordingly, a high return loss indicates a good 
match In as an efficient radiatcr. although e loee in another context may heve 
20 negative intptications. Aa shown the highest return loee is indicated by 

referenoc number 404 for the firat return-loss curve 402 and peference 
number 406 for the second retum-loee curve. 

The various embodiments of the antenna may be deaignod or made in 
accordance with various altftrmtlve techniques. Under one technique for 
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designirvg or making an antenna, a deslgnor first configures on aperture fie 
re^Qnai© in free space, without an hlgh-impedance IwcKing present Second, 
the designer configures a high-impedance t>dcklng (e.g.. high-impedance 
backing 122) to have a reaonant frequency (refledion phase of zero degrees) 
which ooSnddea with the return loda rseonance of the aperture in free apace. 
When the configured aperture and the configured higtwmped»nt?e backing 
are joined to create an open or dosed cavity-backed aperture, the resulting 
antenna should reaonant at close to the original aperture reeonant frequency. 

In one configuration, the hish-impedance backing reaonant frequency 
may be tfeflnsd by = i/(2^ri/Ec) where c = and 7/^ I's ihes pRrm«ahn»y 
of free 5pc^r». C ihft fd^.dm sheet capacitanoe of the capecitive frequency 
sRiertivR siirfar*. f^mprij^ed of conductive cells end an intervening dielectric 
mataial of thickrie^s t This pffftttivft capacitance can be found uaing simple 
parallel plate calculatbns. ThR high^impedance tiacking reflectton phase 

bandwidth is RppmidTO^nH 9 a A/* - ^il^ where ie the impedanoe of free 



space. Other crinfiourttinni«i nf f hft high-impedfince backings within the ecope 
of the inviantiori may Kr xiniimbeid with different equatione than the foregoing 
equations. 

Anottier design process Is to furthnr model a unit ceil of the covered 



elganmode solver, and to compute the dlspp-rTirnn curves ftimttar to Figure 10. 
Once mo bandgap 1$ verified to coindda with the nesnnantt frnquency of the 




high-lmpedance tiacklng of the final antennri mnflQuration ijfting a liill wav<e 
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flpfirtirrB in fme f^psvm, then sucobsr as a higrFfmpadanoR hacking-tected 
aperture Is much more certain. 

In acctudancfi with ttie [nventlQn, an antenna has a compact design 
that is well suited tor prcxiudng an antenna with a depth (e.g.^ overall 
thickness 11 8) of less than one-quarter wavelength at the -frequency of 
operation. Punher, the antenna facJUrates a reducUDn of dfsturtanoe of the 
radiation pattern fnom surrounding objects (e.g., a users tx)dy or hand). The 
antdnna ts well suitdd for Intagration into oonfbrmal antonnas or other 
antennas where size reduction or aesthetic appeararwe is important • 

In an altarmtQ embodiment, the single aperture (e.g.i apdratur9l04) or 
jiny of the embodiments may bo replaced by mullipJe aperturvs (ci Ibrm an 
array of apertures in a conductive member backed by a hfgivlmpedance 
backing. Multiple apertures may be placed in the ccnducfive member, while 
mintmlzing or reducing interior mutual coupling be^veen the neighboring 
apertures. The muBrple-aper^re anlenna may be consloictad with orwithout 
conductivd side wal^e. The multiple aperture anteniid oonf>guratk)n simplifies 
the antenna design process; pennnits the independent setting of the magnitude 
of each aperture's excitation. 

The foregoing description of the antenna describes several iOustratlve 
examples of the iniveniion. Modifications^ altemativo arrangments and 
varief tone of (heee illustreb've exanriplee are poasible end may ^11 wiihin the 
eoope of the invention, Accordinglyi thefollcwlng dairne should be accorded 
the reseonably bnoadeet I'nterpretatbra whk)h to consistent wrlh fhe 
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specfficatlbn disclosed iwem and not unduly limfted by aspects of the 
prererred embodimants and othar eicamplaa dladosad her^n. 
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WECUIM: 

1. An antenna oomprising: 

a conductive rnember having an opening fhr mdigtting an 
electromagnetic^ranal, the conductive member having a ttrst surfaoe area 
f> bounded by a first perlmster; and 

d higMmpedance backing spaced apart from the ronduatfvR member 
by Ies5 than one quarter wavRiRngth of the etedrQmagnetic signal, tho high • 
impednnne backing havfng a second surface araa, boundad by a second 
perimeter, commonsurata in elza with the firet surface area, the high- 
1 0 jmpedance backing havmg an array of oondudTve caHa an^nged for 

supprasAing at iaant one pmpagatlon nude from propagating between the 
conductive member and the hlgh-lmpedance baddng over a certain frequency 
r^nge. 



15 2. The antenna according to cialm 1 wherein the opening oomprlBae a 

generally rectangular alot 

3. Th& antenna according tn r^laim 1 wherein the drcult board has a ground 
pfRnp. spared apart fhrtm the conductive member Dy equaf to or le^ than one- 
20 tenth of a f rea^pace wavelength of the electromagnetic signal* 



4. The antenna according to claim 1 whorsln the conductive cells are 
arranged in an array facing the conductive member, wherein a subset of the 
conductive cella is eiecbically connected to a gmund plane. 
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5. Thd antenna accorti)ng to claim 1 wherein the circuit board comprises a 
ground plane and connective conductors, where at least sonte of the 
mnnRRtivR mnriurlnn^ mnnRnt thR maductlvH orMr tn thn gmund pl^a. 

6. The dnienna according to ddim 1 whorejh tho spatial rogion betvradn tho 
conductive memher end the circuit board compridea an air dieledric region. 

7. The antenna according to darm i wherein the epatlai region between the 
1 0 conductive member end the cirouit board b fiNed wHh a dielectric materiel. 

8. The antenna acoonding to dalm 1 further comprising a transmission tine for 
feeding tf^e opening with an elactromagnetic aignai. 

15 9. The antenna ercatding to claim 8 whpirftlp the tr;^nAmi??.*iinn lins finmpr IftWi 

a coaxial cable connected to an edge of the opening between the ends of the 
opening eo ae to provide a deeired impedance match to the tranemieeion line. 

10. The antenna according to claim 1 wherein the conductrve calls and vlas 
20 are arranged to euppraee a longitudinal section magnetic mode and a 

longitudinal section electric mcde as the propagation mode over the certain 
Trequency range. 
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1 1 . TTie antenna aocording to cCalm 1 wherein the conductive cells and vias 
are arranged to euppreaa the tangential magnetic field aeaociated with the 
cincurt board In the region between the circuit board and the conductive 
3 rnember. 



12. The antenna acoordina to claim 1 wherein the conductive oelia are 
ArrBT}Q^ ki proviHe a high impftriancft girjimd plmie over thi* frftqijftncy 
bandwidth range. 

13. The antenna according to claim 1 wherein the opening compridea a slot 
with longitudinal Drientrsd substantially parallel to one pnndpal axis of 
the conductive ceHs. 



15 14, The antenna acconjing to claim 1 whersin the opanirvg compriees a slot 

witti a iDngitudlnai Bm oriented at approximately a fdrty-five dagm^ Angle fn 
one prfndpal axie of the conductive cell$. 

15. The antenna annording to da!m 1 wherafn metallic siriAWAUs nne fom^ 
20 to provide a cdvHy region between the conductive member and the high- 

impedance backing. 

Id. The antenna accororng to cfalrm l wherein the mafadk: sidewalls an?, 
formed fomi a linear serfee of vias. 
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17. A circuit board assennbly comprising: 

a conductive mamber having an npenlng far radiathg an 
electromagnotic eignal; 
5 a substrate for supporting a series of oonductiVe ceBs and vfds for 

suppressing at least one pmp^^o^tion mode from propaQating l)etw8en the 
COnductlvo member and the substrate aver a certain frequenc^y range; and 

a ground plane of the substrate spaced apart from the condualve 
Tnemhar hy Icsss than one (juarter wavelength of the electfomagnetc signal. 

[0 

18. The circuit board asfiemhlyaCCOitJlngta dalm 17fijrthBrmmprising a 
transmission line for feeding the opening with the eleciromagn^ie signal. 



10. The circuit board assembly according tn rlAim 17 wh^in the opening 
1 5 comprises a generally rectangular elot. 

20. The cifcutt board assembly armorriing to daim 17 Wherein the ground 
plane re spaced apart ttom the conductwe member by equal to or lesa than 
one-twenty-fifth of a wavelength of the eJectromagnstlc signal. 

20 

21 . The circuit board assembly according to daim 17 wherein the conductivo 
cells are arranged in an array faang the conductive member, wherein at least 
a subs^ of thft conducfive cefia electrically is connected to the ground plane. 
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22. The circuit board assembly according to claim Til further comprising 
connective conductors associated with the substrate, the connective 
mnriuntnns r;nnnRnting Rt iRRSt snniF; nf the cxmductive cells to the ground 
plane. 

Tha clrujrt. boad assemhly according to clainn 17 wherein a spatial region 
between the conductive marnber and the ground ptane is filfed wHh a 
dielectric material. 



10 ?4. The nircuft hoarrt aasembly acc?nrding to cfeim 1 7 vrfieiein tlie 

transmission line comprises at least one or a strlpiine and a microstrip 
iranemifidion line connected to an edge of the opening between the enda of 
the opening so as to provide b desired impedance match to the iranemiaeion 
line. 

15 

26. The circuit board essertibly according to claim 17 wherem the 
tf»nftm»ftlnn Una comprises a wnvaguide coupled the opening t)etween the so 
as to provide a desired impedance match to the waveguide. 

20 26, The circuit board assembly according to claim 1 7 wherein the conductive 

cellfi are an-angad to suppress the longltudlrwl SRCtjnn magnRtIc mnde and 
the longitudinal section electnc modes as the propagation modes over the 
certain frequency range. 
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27. Tha circuit boanj aegembly aooording to daim 17 wherein the conductive 
cells and vias ane arranged to suppress the tangential magnetic field 
associated with the drcult tksani in the region between the drcult board and 
5 the conductive member. 



28. The circuit board assembly according to claim 17 wherein the conductive 
cells are arranged to provide a high Impedance ground plane over the 
finequenev bandwidth range. 

29. The drcutt board assembly according to dafm 17 wherein the opening 
comprises a slot wAh a longitudinal axis oriented substantially parstlel to one 
principal axis of (he conductive cells. 



15 30, The cIrcuK boarcf assembly according to claim 17 wherein the opening 

comprises a slot with a longitudinal axis oriented at approximately a 1brty<'flve 
degree angle to one principal axis Of the oonducBve cells. 



31. The oirsult board assembly aocording to claim 17 wherein sides of the 
20 circuit board assembly are plated with a conductor to forni a resonant cavity 

apertum (e.g., a Rriiating slrit) antRnn^. 
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32. The antenna according to claim 1 7 wh$rem metallic eidewalls ard fbrmod 
to provide a cavrty region t)6fween the conductive member and the high- 
impedance backing. 

5 33. The antenna according to claim 1 7 wheretn the metallrc eidewalla are 

fonmed form a linear eeriea of vias. 
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